A new measurement of zinc metallicity in a DLA at z ∼ 
Introduction
The chemical abundances of the highest H I column density quasar absorbers (N(HI) > 2 × 10 20 atoms cm −2 ), the Damped Lyman-α systems (DLAs), are commonly expressed using column density weighted measurements. They are used as observational tracers of the cosmological evolution of metallicities, up to very high redshifts (see for example Pettini et al. 1994 Pettini et al. , 1997 Prochaska & Wolfe (2002) claim no evolution of the mean weighted iron metallicity over the redshift range 1.7 − 3.5, in contradiction with predictions from essentially all chemical evolution models. A possible explanation for this result is that iron is not the optimal element for tracing metals on cosmological scales, because it is easily depleted onto dust grains. Dust depletion greatly complicates the interpretation of the metal content of DLAs. Nevertheless at very high-redshift (z > 3.8), there are evidences that [Fe/H] is beginning to fall, in such a way that at z = 5 the metallicity is substantially lower than at z < 4 (Prochaska, Here, we present a third detection of Zn in a DLA at z∼3.35, thus providing clues on the dust-free abundance determination in high-redshift Damped Lyman-α systems. We first detail the observational setups and data reduction processes of the quasar spectrum. We then present the analysis and chemical abundance determination for a number of elements in the DLA studied, providing a short discussion on the consequences of these additional measurements at high-redshift.
Observation and Data Reduction
BR 1117−1329 is a high-redshift (z ∼ 3.96) quasar exhibiting broad absorption lines (BAL) discovered by Storrie-Lombardi et al. (1996) . The data presented in this study were obtained using the Ultraviolet-Visual Echelle Spectrograph (UVES) on the 8.2m VLT in April 2000 and April 2002. UVES is particularly well suited for the study of Zn at high-redshift thanks to its good sensitivity at the longer wavelengths. Three partially overlapping setups (480+710+725) Fig. 1 . Voigt profile fits to the Lyman series lines (Ly-α, Ly-β and Ly-γ) of the z = 3.35045 DLA. The vertical bar in each panel indicates the wavelength centroid of the component used for the best fit, which is shown as a solid line together with 1 σ errors (dashed lines). The resulting total HI column density is N (HI)= 6.92 ± 1.7 × 10 20 atoms cm −2 .
were used to provide a complete coverage of the quasar spectrum ranging from ∼ 4195Å to 9200Å.
The individual spectra were reduced using the UVES data reduction pipeline of the ESO MIDAS package (see Ballester et al. 2000 for a detailed description). The steps of the data processing include wavelength calibration, order extraction and flat-fielding. Once extracted, the individual frames were corrected to a vacuum heliocentric scale and combined together resulting in a spectrum with signal-to-noise ratio of about 40 per pixel at ∼ 7000Å. The quasar continuum was then fitted to the quasar spectrum using a spline function. A careful inspection of the spectrum bluewards of the Lyman-α emission reveals a DLA absorption in a region free of BAL features. The redshift (z abs = 3.35045) is well defined by the presence of higher Lyman series lines and heavy element absorption lines including some from Zn ii.
Analysis

Column Densities Measurements
The H i column density of this system is measured by fitting a theoretical Voigt profile to the Lyman series. The quasar continuum was fitted with a spline function in MIDAS. As always in DLAs at high-redshift, the positioning of the continuum over the strong absorption lines is the main source of uncertainties in the H i column density measurement. The use of several lines to perform the fit gives confidence in the result however. The fitting of the profile is performed with VPFIT 3 (Webb et al. 1987 ) and the resulting fit is presented in Figure  1 for the first three lines of the Lyman series. The total H i column density is N(H i) = 6.92 ± 1.7 × 10 20 atoms cm −2 .
We derive the column density of the ions associated with the DLA by fitting Al iii λ 1862 0.27890 Morton (1991) theoretical Voigt profiles to the observed features minimizing χ 2 . For this purpose we make use of the FITLYMAN package in the MIDAS data reduction software. Only the lines free of telluric contamination and blending are used to determine the column densities of the elements. In particular, we took great care to check possible atmospheric contamination in the Cr ii λ 2062 region (see Figure 2 ).
Results
The column densities obtained from the Voigt profile fits are used to derive abundances of Fe, Si, Ni, Zn, Cr and to place a lower limit on the abundance of Al and O and an upper limit on the abundance of N. All the low ionization species were fitted together with 3 components (see Table 2 ). We notice that all the lines can not be fitted with a single Doppler parameter. However a We also fit the high-ionization species in the DLA. The resulting column density estimates are summarized in Table 3 together with the redshift and Doppler parameters associated with each individual component. The C iv doublet (C ivλλ1548,1550) is spread over ∼ 300 km s −1 . It is well fitted by 5 components (Figure 4 ). We note that there is a velocity shift between the centroid of the low-ionization line profiles (Si ii λ 1808, Fe ii λ 1608, etc) and the one from the C iv doublet. This is illustrated in Figure 5 where the Fe iiλ1608 line profile is plotted together with the two members of the C iv doublet on the same velocity scale.
Finally, the Al iii doublet (Al iiiλλ1854,1862) is fitted with two components which have their positions and b-values fixed to those of Si ii. Indeed, the velocity structure of Al iii is known to follow closely the one from singly ionized species in DLAs (Lu et al. 1996 , Prochaska & Wolfe 1999 , Prochaska & Wolfe 2000 . This observational fact is not straight forward to explain: the ionization potential of Al ii being greater than the one of hydrogen, Al iii is not expected to be present in the regions dominated by neutral hydrogen (i.e. DLA) although the atomic physics of aluminum species is not well known (see Table 3 Results of Voigt profile fits to high-ionization species in the z = 3.35045 DLA system. 
Discussion and Conclusion
In the DLA studied here, we observe a velocity shift between the low and the high ionization ionic features. The fact that the high-ionization profiles show much more disturbed velocity structure than the low-ionization profiles has already been noticed in the past (Lu et al. 1996; Ledoux et al. 1998 ). Haehnelt, Steinmetz & Rauch (1998) have suggested that such feature could be the signature of merging protogalactic clumps. Indeed they use numerical simulations to model the Si iiλ1808 and C ivλ1548 line profiles and note that the absorption features vary independently in the high ionization and low ionization species since the C iv absorption arises mainly from the warmer gas outside the self-shielding region of DLAs. Nevertheless, other numerical simulations fail to reproduce the DLA kinematics in a self-consistent manner (e.g. Prochaska & Wolfe 2001) and actually require that a significant fraction of DLAs have v circ ∼ 150 km s −1 (Maller et al. 2001 ) even within the Cold Dark Matter cosmology. In other words, if one wants to interpret the global kinematics of the whole DLA population with a simple model, the kinematics of the strongest systems might rule out a global dwarf galaxy scenario if one adopts v circ < 100 km s −1 as the dwarf criterion. Nevertheless, note that in the case of BR 1117−1329, the neutral component has a velocity width of about 50 km s −1 and that the strongest C iv components are seen on both side (at −50 and +130 km s −1 ) of the low-ionization profile. This is suggestive of a galactic wind from a dwarf galaxy. The abundances of the DLA have been studied in detail. In this DLA, we find a zinc abundance slightly higher than the iron one: [F e/Zn] = −0.33 ± 0.05 which suggests that the amount of dust present in this absorber is rather low. This is further supported by the chromium over zinc ratio [Cr/Zn] = −0.18 ± 0.05, another tracer of dust. Thus in this DLA the abundances of refractory elements (such as Fe and Cr) are in line with the one from the nonrefractory element Zn. In addition, Al iii/Al ii is less than 5%. This means that the effect of ionization correction in the measurement of metallicity in this system is almost negligible (Vladilo et al. 2001 ) and the absolute abundances derived here do not suffer severe biases due to dust depletion. sibly because the Type I SNe enrichment process is already important. The fact that we observe the DLA when Type I SNe processes start to dominate over Type II SNe can not easily be interpreted since the turn-over depends on both the star formation rate and the initial mass function (Matteucci & Recchi 2001 ).
We derive a Zn abundance, [Zn/H] = −1.18 ± 0.13 at z abs = 3.35, which is higher than the very few measurements available at these redshifts (corrected to the same solar value as use in the present study): Molaro et al. ) and many more measurements of undepleted metals in quasar absorbers are needed at z > 3 before any conclusion can be drawn.
